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PERFORMANCE  TEST  OF  A MINNEAPOLIS-HONEYWELL 
ELECTRONIC  AIR  CLEANER,  MODEL  FCIA2 

by 

Carl  W.  Coblentz 
and 

Paul  R.  Achenbach 


1 . Introduction 

At  the  request  of  the  Public  Buildings  Service,  General 
Services  Administration,  the  performance  characteristics  of 
a Minneapolls-Honeywell  electrostatic  air  filter  unit  were 
determined.  The  scope  of  this  examination  included  deter- 
mination of  arrestance  of  atmospheric  dust  and  Cottrell 
precipitate,  pressure  drop,  dust-holding  capacity  and  the 
cleanabillty  of  the  specimen. 

2 . Description  of  Test  Specimen 


The  cleaner  was  manufactured  and  supplied  for  test  pur- 
poses by  the  Minneapolls-Honeywell  Regulator  Company  of 
Wabash,  Indiana.  The  collector  cell  was  identified  as  the 
manufacturer's  type  FC1A2  and  the  power  pack  as  type  FCI6AI. 

The  cell  was  I8  in.  long  and  was  enclosed  with  little 
clearance  in  a housing  about  22  in.  wide,  24  in.  high  and 
30  in.  long  which  also  formed  a support  for  the  nominal  20 
by  20  by  1 in.  afterfilter.  This  afterfilter  was  the 
Research  Products  Corporation  type  MV  #9852.  The  upstream 
and  downstream  faces  of  the  housing  were  provided  with 
flanges  for  Incorporating  the  unit  into  the  test  apparatus. 

The  gross  face  area  of  the  cell  was  22  1/8"  by  24",  or 
3.69  sq  ft.  The  plates  were  spaced  0.270  in.  on  center. 

There  were  39  energized  plates  20  1/2"  high  and  11  in.  long 
and  38  grounded  plates,  all  of  aluminum  sheet  1/32"  thick, 
providing  a total  plate  area  of  approximately  122  sq  ft, 
corresponding  to  a total  surface  area  of  244  sq  ft.  The 
net  face  area  of  the  cell  after  deducting  the  area  taken 
up  by  the  plates  was  computed  to  be  3.01  sq  ft.  At  the 
design  air  flow  rate  of  2000  cfm  the  mean  air  velocity 
between  the  plates  would  be  665  ft/mln. 

Socony-Vacuum  cold  water  adhesive  furnished  by 
Minneapolls-Honeywell  Regulator  Co.  was  sprayed  on  the  col- 
lector plates  from  upstream  and  downstream  and  was  also  sprayed 
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on  the  afterfilter  In  preparation  for  the  test. 

The  power  pack  was  23  l/^"  hlgh_,  15"  deep^  and  wide 
and  was  quoted  by  the  manufacturer’s  representative  to  be 
able  to  energize  six  cells  of  the  size  tested.  It  was  con- 
nected to  the  laboratory  power  supply  and  the  energizing 
voltage  was  adjusted  by  the  manufacturer’ s representative 
prior  to  starting  the  tests.  The  power  pack  was  equipped 
with  an  overload  breaker  In  the  primary  circuit  which  tripped 
repeatedly  when  the  test  specimen  had  been  loaded  with  dust 
to  about  half  Its  capacity.  The  original  breaker  with  a 
rating  of  0.8  amperes  was  then  replaced  by  the  manufacturer 
with  another  one  of  the  same  type  but  with  a rating  of  5-0 
amperes . 

3 . Test  Method  and  Procedure 


Arrestance  determinations  were  made  by  the  NBS  ’’Dust- 
Spot  Method”  using  the  following  aerosols:  (a)  outdoor 

air  drawn  through  the  laboratory  without  addition  of  other 
dust  or  contaminant  and  (b)  Cottrell  precipitate.  The  test 
method  Is  described  In  the  paper_,  ”A  Test  Method  for  Air 
Filters”^  by  R.  S.  Dill  (ASHVE  Transactions ^ Vol.  44^ 
p.  379,  1938). 


For  these  tests^  the  unit  was  Installed  In  the  test 
ductj  and  carefully  sealed  to  prevent  Inleakage  of  air. 

The  desired  rate  of  air  flow  through  the  air  cleaner  was 
established  and  samples  of  air  were  drawn  from  the  center 
points  of  the  test  duct  one  foot  upstream  and  eight  feet 
downstream  of  the  air  cleaner  assembly  at  equal  rates  and 
passed  through  known  areas  of  Whatman  No.  4l  filter  paper. 
For  the  atmospheric  air  tests,  the  samples  were  drawn  at 
equal  rates  for  one  to  two  hour  periods  through  filter 
paper  areas  of  different  sizes  to  obtain  a similar  In- 
crease of  'Opacity  on  the  upstream  and  downstream  sam- 
plers. The  upstream  filter  paper  area  selected,  had  a 
diameter  of  I.85O  In.  and  the  downstream  diameter  was 
0.581  In.  The  resultant  arrestance  value,  then,  was 
computed  by  the  following  formula: 


E = 1 


/O.58I 


2 

) X 


AU 


Where  AD  and  AU  are  the  observed  values  of  the  change  in 
opacity  of  the  downstream  and  upstream  samplers,  respect- 
ively. 
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Under  these  conditions^  an  efficiency  of  90-12  percent 
would  have  been  indicated  if  the  upstream  and  downstream 
dust-spots  on  the  filter  papers  had  the  same  change  of  op- 
acity^ as  observed  photometrically  by  the  change  in  the 
light  transmissions  of  the  dust-spot  areas  before  and  after 
the  sample  was  drawn.  The  filter  papers  used  in  the  upstream 
and  downstream  positions  were  selected  to  have  the  same  light 
transmission  readings  when  clean.  The  same  sampler .plates 
were  used  for  determining  the  arrpstance  with  Cottrell  pre- 
cipitate as  an  aerosol.  However^  since  the  arrestance  value 
was  expected  to  be  considerably  higher^  two  filter  papers 
were  used  successively  in  the  upstream  sampler^  each  op- 
erated for  the  duration  of  the  Introduction  of  10  grams 
of  dust  into  the  apparatus,  whereas  only  one  sampler  was 
used  downstream  for  the  total  of  20  grams.  This  method  re- 
sulted in  more  nearly  equal  discoloration  of  the  individual 
upstream  and  downstream  filter  papers  and  consequently  a 
more  accurate  measurement  of  the  discoloration  and  arrest- 
ance. For  calculating  the  arrestance  value,  the  sum  of 
the  discolorations  of  the  two  upstream  sampler  papers  was 
Introduced  as  AU  in  the  above  formula. 

The  power  pack  was  connected  to  the  115-volt  labora- 
tory power  supply  through  a Variac,  the  output  voltage  of 
which  was  maintained  at  about  120  ±2  volts.  The  measure- 
ments of  the  ionizer  and  plate  voltages  were  made  with  a 
sensitive  electrostatic  kilovolt  meter  after  adjusting 
the  input  to  the  power  pack  to  120  ±1/4  volts.  The  high- 
voltage  current  could  be  observed  on  a mllllameter  mounted 
on  the  front  panel  of  the  power  pack. 

The  following  procedure  was  employed  in  testing  the 
filter.  After  the  clean  and  oiled  unit  had  been  installed 
in  the  test  duct,  and  all  discoverable  air  leaks  into  its 
housing  had  been  sealed,  its  input  and  output  voltages 
were  adjusted  to  recommended  values  by  a representative  of 
the  manufacturer:  (input  120  volts;  ionizer  14.55KV;  and 

plates  7.O5KV).  Determinations  of  the  arrestance  of  the 
clean  unit  were  made  at  the  rated  air  flow  rate,  using 
outdoor  air  drawn  into  the  test  duct  through  a nearby  open 
window  as  the  aerosol,  and  also  at  air  flow  rates  20  per- 
cent greater,  and  20  percent  less  than  the  rated  air  flow 
rate . 


Following  these  initial  determinations,  two  tests  were  made  at 
the  rated  air  flow  rate,  using  outdoor  air  in  which  was 
dispersed  Cottrell  precipitate  at  a concentration  of  one 
gram  per  thousand  cubic  feet  of  air  as  the  aerosol.  When 
these  had  been  obtained,  the  loading  process  was  begun  with 
a mixture  of  4 percent  cotton  lint  and  96  percent  Cottrell 
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precipitate,  by  weighty  separately  dispersed  into  the  air 
stream.  The  lint  used  for  this  purpose  was  No.  7 cotton 
llnters  previously  ground  In  a Wiley  mill  with  a four- 
mllllmeter  screen.  The  lint  was  dispersed  Into  the  air 
stream  through  an  aspirator  operating  at  approximately  35  psl 
Inlet  air  pressure.  At  selected  Intervals,  as  loading  pro- 
gressed, the  arrestance  of  the  unit  was  determined  using 
100  percent  Cottrell  precipitate  In  the  outdoor  air.  In 
these  tests,  and  during  the  loading  process,  the  rate  of 
feed  of  the  dispersant  was  one  gram  per  thousand  cubic  feet 
of  air.  The  pressure  drop  and  the  Ionizer  and  plate  volt- 
ages of  the  unit  were  recorded  at  Intervals  during  the  tests. 
The  dlrt-loadlng  process  was  continued  until  1340  grams  of 
the  lint  and  Cottrell  precipitate  mixture  had  been  fed  (l.e., 
2/3  gram  per  cfm  of  unit  rating). 

The  filter  cell  was  removed  from  the  test  unit  and 
cleaned  by  means  of  a stream  of  cold  water  from  a high  press- 
ure hose  nozzle,  directed  at  and  Into  the  cell  plates  from 
both  ends  of  the  unit.  The  cleanablllty  of  the  afterfllter 
was  determined  separately,  by  the  same  means. 

4 . Test  Results 

A summary  of  the  test  results  Is  presented  In  table  1 
which  shows  the  air  flow  rates,  cumulative  dust  loads.  Ion- 
izer and  plate  voltages  and  currents,  the  pressure  drops 
across  both  cell  and  afterfllter  and  the  arrestance  values 
determined  with  atmospheric  dust  as  well  as  with  Cottrell 
precipitate . 

Throughout  the  tests  with  atmospheric  air,  audible 
electrical  discharges  occurred  at  a rate  of  approximately 
three  times  per  minute.  This  rate  Increased  to  about  23 
discharges  when  Cottrell  precipitate  was  Introduced. 

After  976  g of  dust  had  been  Introduced,  the  high  volt- 
age current  reached  I.7  MA  and  the  current  overload  tripped 
repeatedly  and  finally  could  not  be  reset.  At  this  time, 
the  0.8  ampere  circuit  breaker  was  replaced  with  a 5 ai^pere 
breaker  furnished  by  the  manufacturer.  The  high  voltage 
current  was  3.0  MA  Immediately  after  replacing  the  breaker 
but  went  down  to  I.9  MA  at  the  conclusion  of  the  test. 
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Table  1 


Performance  of  the  Minneapolls-Honeywell 
Electronic  Air  Cleaner  Model  FC1A2 


Air 


Flow 

Rate 

Dust 

Load 

Voltage 
Ionizer  Plate 

Current 

Pressure 

Drop 

Arrestance 

Aerosol 

cfm 

grams 

kv 

kv 

ma 

in.  W.C?. 

7° 

Used* 

1600 

0 

14.5 

7.05 

1.1 

0.194 

94 . 6 

A 

2000 

0 

14.6 

7.05 

lol 

0.291 

90.5 

A 

2400 

0 

14.6 

7.2 

1.1 

0.410 

84.3 

A 

2000 

10 

14.5 

7.P 

1.2 

0.292 

98.5 

B 

2000 

30 

14.5 

7.0 

1.2 

0.292 

98.5 

B 

2000 

373 

14.7 

7.0 

1.2 

0.299 

99.3 

B 

2000 

747 

14.6 

7.0 

1.3 

0.363 

98.9 

B 

2000 

850 

14.4 

6.9 

1.5 

0.442 

93.4 

A 

2000 

1329 

14.3 

6.8 

2.0 

0.692 

■99.0 

B 

2000 

1340 

14.4 

6 . 8 

2.0 

0.718 

91.5 

A 

* A- Particulate  matter  in  atmospheric  air  at  NBS . 

B-Cottrell  precipitate  in  atmospheric  air  (rate  of  feed  = 1 gram 
per  1000  cu  ft) 
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5 . Summary 
A.  Performiance 

At  the  rated  air  flow  rate  of  2000  cfm^  l.e.  ft/mln 

face  velocity,  the  arrestance  of  particulate  matter  in  the 
atmospheric  air  was  90.5  percent  at  the  beginning  of  the 
loading  period.  When  the  air  flow  rate  was  decreased  by 
20  percent  to  1600  cfm,  the  arrestance  value  Increased  by 
4.1^  to  94.6  percent;  conversely,  an  Increase  of  the  air 
flow  rate  through  the  test  specimen  by  20^  to  2400  cfm 
reduced  the  arrestance  by  6.2^  to  84.3  percent.  All  sub- 
sequent tests  were  made  at  the  rated  air  flow  rate  of  2000 
cfm  and  showed  that  the  arrestance  of  atmospheric  matter 
Increased  to  93.4  percent  when  the  unit  was  about  half  loaded 
and  then  decreased  to  91.5  percent  at  the  end  of  the  test. 

Four  tests  made  with  Cottrell  precipitate  showed  ar- 
restance values  between  98-5  percent  and  99.3  percent.  The 
highest  arrestance  value  coincided  with  the  peak  ionizer 
voltage  of  14.7  KV  at  a dust  load  of  373  grams  although  it 
was  not  established  that  there  was  a direct  relationship 
between  these  two  variables. 

The  power  pack  furnished  for  this  test  was  said  by 
the  manufacturer*  s representative  to  be  designed  to  supply 
up  to  six  cells  of  the  size  tested  and  its  performance  on 
one  cell  during  the  test,  with  regard  to  maintaining  an 
even  ionizer  and  plate  voltage  with  increasing  current  rates 
without  making  any  adjustments,  is  not  believed  to  be  in- 
dicative of  its  performance  on  six  cells.  A similar  con- 
clusion might  be  Justified  regarding  the  original  circuit 
breaker  which  during  the  test  had  to  be  replaced  by  one 
with  a higher  rating.  Since  the  circuit  breaker  was  a 
minor  auxiliary  component  that  was  easily  replaced,  the 
test  was  not  terminated  when  its  current  rating  was  reached. 

During  the  process  of  loading,  the  pressure  drop  of  the 
unit  increased  from  0.291  in.  W.G.  to  O.718  in.  W.G.  at  the 
rated  air  flow  rate  of  2000  cfm.  Thus  a dust  load  of 
1340  g (i.e.  2/3  g per  1 cu  ft  rated  air  flow  rate)  produced 
an  increase  in  the  pressure  drop  of  0.427  In.  W.G. 
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B.  Cleanabillty 

The  filter  was  subjected  to  the  cleaning  process  des- 
cribed under  Test  Method  and  Procedure.  No  difficulty  was 
experienced  in  cleaning  the  collector  cell  and  the  after- 
filter  with  a cold  water  stream,  using  moderate  care. 

C.  General 

On  completion  of  the  dust  loading  test,  the  unit  was 
removed  from  the  test  apparatus  for  a visual  examination. 
All  components  of  the  collector  cell  were  coated  with  dust. 
The  dust  layer  of  the  grounded  plates  was  considerably 
lighter  than  that  of  the  charged  plates.  The  latter  were 
fairly  evenly  covered  with  a layer  estimated  at  1/32  inch 
thickness.  Only  very  small  lint  particles  were  noticed 
on  the  surface  of  the  collector  cell  but  the  afterfilter 
showed  a considerable  lint  deposit  on  its  front  side.  The 
back  side  of  the  afterfilter  was  completely'  clean  and  did 
not  indicate  that  dust  had  been  carried  through,  during 
the  test.  The  dust  deposits  on  the  collector  cell  eg  well 
as  on  the  afterfilter  appeared  to  be  well  saturated  with 
oil. 


An  examination  of  the  test  apparatus  after  the  test 
revealed  that  no  visible  traces  of  dust  could  be  found  in 
either  the  upstream  or  downstream  part  of  the  duct. 
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ments.  Magnetic  Measurements.  Dielectrics.  Engineering  Electronics.  Electronic  Instrumen- 
tation. Electrochemistry, 

Optics  and  Metrology.  Photometry  and  Colorimetry,  Optical  Instruments.  Photographic 
Technology.  Length.  Engineering  Metrology. 

Heat.  Temperature  Physics.  Thermodynamics.  Cryogenic  Physics.  Rheology.  Engine 
Fuels.  Free  Radicals  Research. 

Atomic  and  Radiation  Physics.  Spectroscopy.  Radiometry.  Mass  Spectrometry.  Solid  State 
Physics.  Electron  Physics.  Atomic  Physics.  Neutron  Physics.  Nuclear  Physics.  Radioactiv- 
ity. X-rays,  Betatron.  Nucleonic  Instrumentation.  Radiological  Equipment. 

Chemistry.  Organic  Coatings.  Surface  Chemistry.  Organic  Chemistry.  Analytical  Chemis- 
try. Inorganic  Chemistry.  Electrodeposition.  Molecular  Structure  and  Properties  of  Gases. 
Physical  Chemistry.  Thermochemistry.  Spectrocheniislry.  Pure  Siihstuncos. 

Mechanics.  Sound.  Mechanical  Instruments.  Fluid  Mechanics,  Engineering  Mechanics. 
Mass  and  Scale.  Capacity,  Density,  and  Fluid  Meters,  Combustion  Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather,  Testing  ami  Specifica- 
tions. Polymer  Structure.  Plastics,  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion. 
Metal  Physics, 

Mineral  Products,  Engineering  Ceramics,  Glass.  Refractories.  Enameled  Metals.  Concret- 
ing Materials.  Constitution  and  Microstructure. 

Building  Technology.  Structural  Engineering.  Fire  Protection.  Air  Conditioning,  Heating, 
and  Refrigeration,  Floor,  Roof,  and  Wall  Coverings.  Codes  and  Safety  Standards.  Heat 
Transfer. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathe- 
matical Physics. 

Data  Processing  Systems.  SEAC  Engineering  Group.  Components  and  Techniques,  Digital 
Circuitry.  Digital  Systems.  Analog  Systems,  Application  Engineering, 
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Cryogenic  Engineering.  Cryogenic  E«juipment.  Cryogenic  Processes,  Properties  of  Materials. 
Gas  Liquefaction. 

Radio  Propagation  Physics.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular 
Propagation  Services.  Sun-Earth  Relationships.  VHF  Research. 

Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Modulation  Systems, 
Navigation  Systems,  Radio  Noise.  Tropospheric  Measurements.  Tropospheric  Analysis. 
Radio  Systems  Application  Engineering.  Radio  Meteorology. 

Radio  Standards.  High  Ereipieuey  Eleclrieul  Stamiurds.  Radio  Broadcast  Service.  High 
Erequency  linpeilunee  .Standards.  C^alibration  Center.  Miereiwave  Physics.  Microwave  Circuit 
.Standards. 


